The Annualized Agricultural Nonpoint Source Pollution model (AnnAGNPS 2.0) has been developed as a technological tool that can be used to estimate watershed response to agricultural management practices. AnnAGNPS 2.0 has been used for the Deep Hollow watershed of the Mississippi Delta Management System Evaluation Area (MDMSEA) project for nitrogen loadings assessment. From sensitivity analyses, soil initial nitrogen concentration and crop nitrogen uptake had the most impact on the nitrogen loadings. AnnAGNPS 2.0 predicted results were compared with MDMSEA monitored data in order to test the prediction capability of the model. Test results show that AnnAGNPS provides a reasonable estimate (127%) of long term monthly and annual nitrogen loadings.
Introduction
Several hydrological and water quality models have been developed over the past several years to assist in understanding the hydrologic systems as well as pollutant loadings. Numerous applications have been performed to test models hydrologic and soil erosion simulations (Bingner et al, 1989; Bingner et al, 1992; Arnold et al, 1993; Mitchell et al, 1993; Rosenthal et al, 1995; Arnold and Allen, 1996; Spruill et al, 2000; Yuan et al, 2001 ). Few studies have been performed to test and apply nutrient loadings of those models. However, watershed scale evaluation for best management practices assessment and TMDL development needs hydrologic simulation as well as pollutant loadings simulation.
The objectives of this study were to: 1) review the nitrogen cycle and describe the nitrogen simulation within AnnAGNPS; 2) perform a sensitivity analysis on some nitrogen simulations; 3) compare the model nitrogen loading simulations against some field measured data.
In this study, dissolved nitrate and ammonia, is referred to as the nitrogen loadings.
Background Literature
To increase crop production, fertilizers are extensively used in the United States. The wide spread use of fertilizer continues to be a major public concern because of possible human health risks and the eutrophication of surface water (Novotny and Olem, 1994) . Nitrate concentration is a parameter of particular concern because it has been linked with "blue baby" syndrome and formation of carcinogenic compounds (NCSU, 2000) .
Nitrogen dynamics in agricultural soils are very complicated biological and chemical processes. In order to understand nitrogen loss mechanisms and develop a nitrogen loading model, an understanding of nitrogen transformation in the soil and nitrogen cycle is necessary. Total nitrogen content in the natural soil's initial foot ranges from 0.03 to 0.4% (Tisdale et al., 1985) . Most soil nitrogen is in organic matter which is derived from biological materials such as roots, microflora, fauna, leaf litter and humification processes (Stevenson, 1982) . Organic nitrogen is mostly sorbed by clays; and, in such forms, it can be considered immobile and not available to plants. But those immobile forms can be transformed into nitrate, which is highly mobile. Only mobile nitrogen can be used by plants and transported by water.
Mineralization is the process that breaks down organic nitrogen compounds in the soil to release ammonium ions, NH 4 + , with the concurrent release of carbon as CO 2 (Vinten and Smith, 1993) . The reverse process of mineralization is immobilization by which ammonium NH 4 + is transformed into organic forms. C:N ratio, which depends on cropping residues, soil moisture content, soil temperature, and PH are the main factors to affect the mineralization and immobilization (Stanford and Epstein, 1974) . In addition, nitrogen fertilizer application stimulates the mineralization process (Haynes, 1986) . The promotion of mineralization of soil organic nitrogen increases the crop uptake (Stevenson, 1982) .
Nitrification is the process which converts NH 4 + to NO 3 -. Nitrate (NO 3 -) is highly soluble and can readily move with water. However, if the soil is saturated for a long period and oxygen is absent or depleted to a point below the oxygen demand, denitrification occurs. In denitrification process, NO3-is converted to NO, N 2 O and N 2 (gaseous nitrogenous forms which return to the atmosphere). This process usually occurs in subsoil with low permeability, and in soils saturated with water for a long period, such as a wetland (Carter and Allison, 1960) . Nitrogen loss through denitrification has been considered a benign process in reducing the quantities of nitrate loss (Vinten and Smith, 1993) .
The loss of nitrogen from agricultural fields is mainly from surface runoff and subsurface flow. For this study, surface runoff is the major transport mechanism for nitrogen pollutant loadings. Because of the complexity of nitrogen cycle, the difficulties in modeling nitrate transport are in defining the highly transient nature of compounds in the nitrogen cycle (Vinten and Smith, 1993) . The amount of nitrogen loss is affected by many factors: types of land use, types of crops or animals, crop rotation, types of soils, climate conditions, farming technology, irrigation and drainage, amount of fertilizer application and timing of application; many of above factors are interactive and their effects are often unpredictable (Vinten and Smith, 1993) . Those factors also affect the amount of fertilizer available to crop uptake.
AnnAGNPS Description
AnnAGNPS is an advanced technological watershed evaluation tool, which has been developed through a partnering project between two agencies within the United States Department of Agriculture-the Agriculture Research Service (USDA-ARS) and the Natural Resources Conservation Service (NRCS). It is designed to aid in the evaluation of watershed response to agricultural management practices (Cronshey and Theurer, 1998) .
AnnAGNPS has been developed as a direct replacement for the single event model, AGNPS 5.0, but retains many of the features of AGNPS 5.0. Many studies have been conducted using AGNPS and indicate that the simulated results for runoff and sediment yield from AGNPS compare favorably with observed data (Young et al., 1989a; Bingner et al., 1989) . Young et al (1989b) also tested the chemical component of the model using three years of monitored data from seven different watersheds in Minnesota. They found that the simulated nitrogen and phosphorus concentrations agree reasonably well with measured concentrations.
As a continuous simulation, daily time step, pollutant loading model, AnnAGNPS includes many more features than AGNPS 5.0. Because of the continuous nature of AnnAGNPS, daily climate information, which includes daily precipitation, maximum and minimum temperatures, dew point temperature, sky cover and wind speed is utilized. AnnAGNPS simulates runoff, sediment, nutrients and pesticides leaving the land surface and their transport through watershed channel system. In general, the chemical component loadings exist in two phases: (1) dissolved (solution) in the surface runoff; and (2) attached (adsorbed) to clay-size particles resulting from sheet & rill and ephemeral gully erosion carried into the stream system by the surface runoff.
For nitrogen loading simulation, a daily mass balance of nitrogen is computed for each simulated area. Major components considered are uptake of N by plants, application of fertilizers, residue decomposition, and downward movement of nitrogen. Conservation of mass calculations in solution are made if there is a loss of water within the stream reach. The output from each simulated area includes sediment bound N, and soluble N in runoff. Nitrogen is partitioned into organic and mineral parts and a separate mass balance computed for each. The nitrogen & organic carbon cycles represented in AnnAGNPS are simplifications that track only major nitrogen transformations of mineralization from humified soil organic matter and plant residues, crop residue decay, and fertilizer & plant uptake. Plant uptake of N is modeled through a simple crop growth stage index specified by the user (Theurer and Cronshey, 1998).
Study Watershed Description and Monitoring Information
The Deep Hollow Lake watershed is located in Leflore County, Mississippi ( fig. 1 ). Deep Hollow is one of three watersheds studied in the Mississippi Delta Management Systems Evaluation Area project (MDMSEA), which seeks to develop and assess alternative innovative farming systems for improved water quality and ecology in the Mississippi Delta. The main crops grown in the Deep Hollow watershed are cotton and soybean. The watershed contains 15 soil series varying in texture from loamy sand to silty clay, but three series cover 80% of the total area (Yuan and Bingner, 2001) . Detailed records of agricultural operations including tillage, planting, harvesting, fertilization, cover crop planting, and pesticide usage have been maintained since 1996 (Yuan et al, 2001) . Fertilizer is applied with equipment that "knifes in" the material at the depth of 100 mm without completely mixing with soil. Fertilizer application information for cotton field is illustrated in table 1. No fertilizer was applied for soybeans field and no fertilizer was applied during winter wheat cover crop growth period.
The entire Deep Hollow watershed is about 82 ha with very flat slopes and drains into Deep Hollow Lake. The Deep Hollow Lake is an oxbow lake cutoff from the Yazoo River ( fig. 1 ). There are many inlets from the Deep Hollow watershed contributing to the Deep Hollow Lake. In October of 1996, detailed watershed elevation data were obtained. The maximum elevation difference was only 4 meters, making the delineation of the watershed boundaries difficult. Deep Hollow Lake is adjacent to the Yazoo River. Thus, during extreme high rainfall events which often happen during winter, when the Yazoo river floods, the water level in Deep Hollow Lake can rise high enough to pond water on the field, which causes difficulty in measuring runoff during such periods.
In 1995-1996, the US Geological Survey (USGS) installed a gauging station to monitor runoff, sediment yield, and nutrient and pesticides loadings at one of the inlets to the Deep Hollow Lake ( fig. 1) . Data collected at the outlet of the monitoring site were used for this study. The drainage area for the monitored site was 11 ha. Runoff was monitored using a critical flow flume. Both discrete and composite samples were taken during rainfall events for sediment and nutrient analyses. Rainfall was monitored at the flume using a tipping bucket raingauge.
Nitrate and ammonia concentrations were tested for composite samples, while nitrate and ammonia loads were calculated using the concentration tested with the total volume of sample. Total nitrate and ammonia losses were determined using total volume of flow from each rainfall event. Nitrogen loss for each rainfall event was calculated according to the component of nitrate and ammonia.
Model Sensitivity Analysis
A sensitivity analysis was done to identify parameters whose effect is the greatest on nitrogen loading so that model simulation can be achieved in an efficient way.
Methods
In most sensitivity analyses, a base set of inputs is selected which is used to generate a corresponding base set of outputs. The inputs are individually varied over some reasonable range and the effect on the output is presented numerically or graphically.
In a study of WEPP sensitivity, Nearing et al. (1990) used a single value to represent sensitivity of the output parameter over the entire range of the input parameter tested. The index described by equation one was selected for initial sensitivity testing of the AnnAGNPS nitrogen loading submodel. The parameter S represents the ratio of a relative normalized change in output to a normalized change in input. An index of one indicates that the output spreads about the average output to the same degree as the rested input spreads about the average input. A negative value indicates that input and output are inversely related. The greater the absolute value of the index, the greater the impact an input parameter has on a particular output. Because it is dimensionless S provides a basis for the comparison with other input variables.
Input parameters
This sensitivity study investigated the nitrogen output to changes in input with respect to the: (1) uniformity of the fertilizer being mixed within the tillage layer during its application; (2) initial nitrogen concentration in the soil; (3) plant uptake;, and (4) nitrogen application rate.
Input files developed for model runoff and sediment evaluation (Yuan et al., 2001 ) included watershed topography, soil type, climate data, and actual field operations and management. Detailed information on how to develop input information for AnnAGNPS 2.0 simulation has been described by Yuan and Bingner (2001) . Based on this file, fertilizer applications for each field were set up based on field records (table 1) . Fertilizer application reference information was set up based on AnnAGNPS guidelines and databases (table 2) .
Soil initial organic nitrogen ratio was set as 50 PPM for the top layer and 5 PPM for the subsequent layers. Soil initial inorganic nitrogen ratio was set as 5 PPM for the top layer and 0.5 PPM for the subsequent layers.
Plant uptake is another important parameter in simulating nitrogen loss. Through literature investigation, cotton nitrogen uptake was set at 0.017 (weight of Nitrogen / weight of harvest unit); cotton phosphate uptake was set at 0.0023 (weight of phosphate / weight of harvest unit) (Mullins, G. L. and C. H. Burmester, 1990; Breitenbeck, G. A. and D. J. Boquct, 1993) . Soybean nitrogen uptake was set at 0.092 (weight of Nitrogen / weight of harvest unit); soybean phosphate uptake was set at 0.0095 (weight of phosphate / weight of harvest unit) (Flannery, R. L., 1986) . Winter wheat nitrogen uptake was set at 0.022 (weight of Nitrogen / weight of harvest unit); winter wheat phosphate uptake was set at 0.0025 (weight of phosphate / weight of harvest unit) (Baethgen, W. E. and M. M. Alley, 1986).
Parameters discussed above were used as a baseline in testing for sensitivity, with parameter tested for sensitivity individually varied downward and upward, within a range reported in the literature (table 3 ). The first parameter tested was the "Fertilizer mixing code", which reflects if the applied fertilizer is very well mixed within the depth of application. If the fertilizer mixing code is set to yes, this means applied fertilizer was very well mixed with the depth of application. Otherwis e, if the fertilizer mixing code is set to no, this mean applied fertilizer was not mixed with the depth of application.
The AnnAGNPS simulation was performed over a four-year period. Annual average nitrogen loading was used as the output parameter for sensitivity analysis. Table 4 listed the sensitivity test for mixed code. Two cases were tested for the initial soil nitrogen mixing condition (mixing code yes or no). One is for application rate A and the other is for application rate B (table 4) . Within each case, the first simulation set the fertilizer mixing code to yes and the second simulation set it to no while the rest of the parameters remained equal to their base values (table  3) . Table 5 listed the sensitivity test for the initial nitrogen concentration. Two cases were tested as table 4. Within each case, the first simulation set the initial soil nitrogen concentration as 50 ppm and the second simulation set the initial soil nitrogen concentration as 500 ppm while the rest of the parameters remained equal to their base values (table 3). Table 6 listed the sensitivity test for the crop uptake. For crop uptake, effects of cotton, soybean and winter wheat were tested individually. Table 7 listed the sensitivity test for the fertilizer application rate.
Model Simulation
The base information described in model sensitivity analysis was used to simulate nitrogen loading. Comparisons between model simulation and observation were made only when monitoring data were available. Input parameters for the simulation were not calibrated after initial estimation. This analysis reflects the capability of AnnAGNPS to estimate nitrogen loads that would be typical for ungauged watersheds. AnnAGNPS has been developed to include processes that utilize input parameters from databases developed by NRCS for any location in the US such as climate, soil information, and crop management operations. This reduces the effort users would need to acquire the needed information to apply AnnAGNPS for ungauged watersheds and the need for calibration.
Results and Discussion

Sensitivity Results
Sensitivity indexes indicate that the nitrogen loading from surface runoff is most sensitive to soybean plant uptake and initial soil nitrogen, mildly sensitive to cotton and winter wheat plant uptake, and least sensitive to the fertilizer mixing code. However, the sensitivity to the fertilizer mixing code increases with the increased amount of nitrogen application.
Predicted versus observed nitrogen load
AnnAGNPS predicted runoff over the three-year period from 1997 to 1999 was 85% of the observed total runoff (Yuan et al., 2001) . The predicted and observed nitrogen loadings by month are listed in table 8. Monthly rainfall and runoff are listed in table 8 (Yuan et al, 2001 ). The monthly predicted nitrogen loading is not significantly different from observed nitrogen loading at the 95% level of confidence. The AnnAGNPS predicted nitrogen load over three-year period (1997) (1998) (1999) was 127% of the observed total nitrogen loss. The model over predicted the nitrogen load by 27%. Three-year monthly averaged predicted and observed nitrogen loading plotted in figure 2 shows that AnnAGNPS over predicted nitrogen loading during dormant season and under predicted nitrogen loading during cropping season. One possible reason for winter (especially during January and December) over prediction is denitrification. AnnAGNPS was originally developed for upland row crops in cold areas where denitrification rarely occurs although in tile drained systems it may occur, but in Deep Hollow Watershed of Mississippi, the average high temperature is 15 degree Celsius and low temperature is 3 degree Celsius for January and December, denitrification in the winter may reduce amount of nitrate-nitrogen for loss. Morever, ponding water in the field during high rainfall period which often happen in the winter increases the denitrification processes. AnnAGNPS under predicted the nitrogen loading during plant season. A possible reason for the model under prediction is the plant uptake parameters. As discovered in the model sensitivity analysis, AnnAGNPS is very sensitivity to plant uptake, but those parameters are very difficult to determine. Also, fertilizer was usually applied during the later part of April, which can be a wet period in Mississippi. During this wet period, fertilizer could be dissolved in the runoff and leached away from field.
Summary and Conclusion
AnnAGNPS is used in predicting runoff nitrogen load for a monitored tributary of Deep Hollow Watershed. Predicted results were compared with monitored results in order to test the prediction capability of AnnAGNPS. Study results show that AnnAGNPS is capable of estimating nitrogen loading (127%). Although the model overpredicted the nitrogen loss during winter because of denitrification and under predicted nitrogen loadings during crop season due to the selection of plant uptake parameters and leaching loss. Soil initial nitrogen concentration and crop nitrogen uptake are the most important parameters in nitrogen loading simulation. when less than all storms were successfully monitored for runoff and sediment. The number besides * showed total rainfall during that month. Rainfall reported under rainfall column reflects only the amount of rainfall associated with monitored data. 
